Background: Somatostatin analogs (SA) are the cornerstone in the medical treatment of acromegaly, used as either primary or adjunctive therapy. In particular, SA are effective in inducing the biochemical remission of the disease and tumor shrinkage, although only few cases of complete disappearance of the pituitary tumor in patients treated with SA as long-acting formulations have been reported. SA withdrawal has been demonstrated to keep safe levels of GH and IGF1 at least in a small subset of patients well responsive to SA, although it is generally followed by disease recurrence after several months. Case report: A 61-year-old female patient bearing a very large GH-secreting pituitary macroadenoma was treated with 12-month lanreotide Autogel (ATG), at the initial dose of 120 mg/28 days. After 3 months, GH and IGF1 levels were fully normalized, to prolong the administration interval from 28 to 56 days. After 6 months of treatment, a significant tumor shrinkage (90% of baseline size) was observed, whereas GH and IGF1 excess was still well controlled. After 12-month therapy, a complete disappearance of the pituitary tumor was observed, and the hormonal evaluation confirmed the complete biochemical remission of acromegaly. Lanreotide ATG treatment was withdrawn. The clinical, biochemical, and radiological remission of acromegaly was maintained 24 months after lanreotide ATG treatment discontinuation, without evidence of disease recurrence. Conclusions: This report represents an exemplary case of the potentiality of treatment with lanreotide ATG in inducing a complete remission of acromegalic disease, persistent after a long period of time from treatment withdrawal.
Introduction
Acromegaly is a rare and severe systemic disease caused by a GH-secreting pituitary adenoma, inducing GH and insulin-like growth factor 1 (IGF1) excess (1) . Currently available therapies for acromegaly include transsphenoidal neurosurgery, radiotherapy, and medical therapy with the dopamine agonists and somatostatin analogs (SA). A new engineered GH receptor antagonist, pegvisomant, has recently been shown to be effective in normalizing IGF1 excess in the great majority of patients, including those who have demonstrated resistance to SA (2) . The goal of these therapies is to normalize GH and IGF1 levels, to improve the clinical signs and symptoms of acromegaly, and to reduce tumor size in order to relieve any symptom due to tumor mass (3) . SA, both octreotide and lanreotide, have been demonstrated to be the cornerstone of medical treatment during the last 15 years with their acceptability, increased by the development of depot preparations. SA improve symptoms and signs of acromegaly in the majority of patients, induce the achievement of biochemical targets for both GH and IGF1 levels in 44-77% of patients, and induce tumor shrinkage in at least 41.5% of patients (4) (5) (6) (7) (8) . Particularly, the longacting SA lanreotide has been found to be well tolerated and effective in reducing GH and IGF1 levels as well as the tumor mass in a high percentage of patients previously either untreated or treated by unsuccessful neurosurgery for acromegaly . Only three cases of total biochemical and/or radiological remission of a GH-secreting pituitary adenoma after medical therapy with long-acting SA have been reported (28) (29) (30) . Moreover, few data on the effects of SA therapy discontinuation on disease control are presently available, and the majority of the authors reported the disease recurrence during a short follow-up. In a recent multicenter study, Ronchi et al. (10) reported the successful withdrawal of SA with the complete biochemical control of acromegaly in five out of 27 recruited patients after 12 months, without evidence of disease recurrence. No previous study has reported the complete disappearance of GH-secreting pituitary macroadenoma after medical treatment with lanreotide Autogel (ATG). The aim of the present study is to describe the clinical case of a patient with acromegaly, who showed the clinical and biochemical remission of acromegaly simultaneously with the complete disappearance of an invasive GH-secreting pituitary macroadenoma after first-line treatment with ATG, without evidence of disease recurrence 24 months after drug discontinuation. A revision of the literature regarding this topic is also performed and discussed in relation to this case report.
Case report
A 61-year-old woman was admitted in our department on September 2001. The medical history revealed systemic arterial hypertension treated with angiotensin-converting enzyme inhibitors, inadequately controlled type II diabetes mellitus treated with insulin sensitizers, rheumatoid arthritis treated with steroids, all diagnosed 10 years previously, and carpal tunnel syndrome surgically treated 3 years previously. At the physical examination, the patient showed acral and tongue enlargement and prognathism. Severe asthenia, mild perspiration, soft tissue swelling, joint pain, and paresthesia were also referred. She also experienced recurring headache and progressive reduction of visual field during the last 8 years until the diagnosis of complete bitemporal hemianopsia, which had been done 2 months before we met the patient. These findings suggested the diagnosis of acromegaly. The evaluation of the pituitary function showed increased GH (10.2 mg/l) and IGF1 (753 mg/l) levels. No GH assessment by oral glucose tolerance test was performed because of poorly controlled type II diabetes mellitus. No deficit of other pituitary trophins was found. The magnetic resonance imaging (MRI) of the hypothalamus-pituitary region showed the presence of an intrasellar pituitary macroadenoma (volume: 784.2 mm 3 ), with a large suprasellar extension impinging the optic chiasm ( Fig. 1 ). In line with the standard diagnostic criteria (31), a diagnosis of acromegaly due to an intrasellar and suprasellar GH-secreting pituitary macroadenoma, complicated by systemic arterial hypertension and type II diabetes mellitus, was performed. Patient's profile at baseline is shown in Table 1 . In order to restore both pituitary function and visual field, neurosurgery was proposed as first-line treatment, but the patient refused. In December 2001, a treatment with ATG as s.c. administration was started at the initial dosage of 120 mg every 28 days. GH and IGF1 assessment as well as glucose and lipid profile, systolic blood pressure and diastolic blood pressure, and visual field evaluation was performed at baseline and then monthly for the first 3 months. At baseline, GH and IGF1 levels were respectively 7.2 and 1071 mg/l. After one month of treatment, GH (2.15 mg/l) and IGF1 (518 mg/l) levels were reduced compared to baseline values, and the symptoms were clearly improved. After 3 months of treatment, GH (1.2 mg/l) and IGF1 (241 mg/l) levels were completely normalized indicating biochemical remission of pituitary disease. We also observed a relevant improvement in the visual field, consisting of a partial deficit in the upper section of the right eye associated with the complete normalization of visual field of the left eye. On the basis of these findings, the interval between the ATG administrations was prolonged from 28 to 56 days. Six months after treatment starting, GH and IGF1 were still in the normal range (1.6 and 215 mg/l respectively), and tumor mass was dramatically reduced by 90% (volume: 77.8 mm 3 ). After 12 months of treatment, GH and IGF1 continued to be fully normalized (1.2 and 208 mg/l respectively, Table 1 ). GH and IGF1 profile before, during, and after treatment with ATG is shown in Fig. 2 . Other pituitary trophins were still within normal range. Pituitary MRI detected no tumor mass and showed a secondary empty sella with the complete disappearance of the macroadenoma ( Fig. 1 ). Moreover, no visual disturbance was referred by the patient, and at physical examination, the visual field was completely normalized. Glucose and lipid profile, as well as blood pressure, also improved, as shown in Table 1 . In particular, fasting glucose levels decreased significantly, requiring the reduction of insulin sensitizer dosage. On the basis of the clinical, biochemical, and radiological remission of acromegaly and of the total tumor shrinkage, 9 months after the achievement of disease control and 6 months after tumor disappearance, the treatment with ATG was withdrawn. Then, hormonal and metabolic profile was evaluated every 3 months, whereas the pituitary MRI was repeated yearly. During the following 24 months, acromegaly remained completely recovered because of persistent safe GH and IGF1 levels in association with the secondary empty sella, in the absence of visible tumor mass at pituitary MRI. Glucose and lipid profile, as well as blood pressure, was also well controlled, resulting in a slight although not significant improvement. No symptom and sign of acute hepatic or biliary problems were documented during ATG treatment and after drug withdrawal. Nowadays, pituitary function is still within the normal range, and pituitary MRI is stable, showing a secondary empty sella without visible tumor mass.
Methods

Hormone assays
Serum GH and IGF1 levels were measured by chemiluminescent immunometric assay using commercially available kits (respectively Immulite GH and Immulite IGF1, DPC, Llamberis, UK). For GH assays, the analytical sensitivity was 0.05 mg/l; intra-assay and inter-assay coefficient of variation (CV) values were 5.3-6.5 and 5.5-6.2% respectively. For IGF1 assays, the analytical sensitivity was 20 mg/l; intra-assay and inter-assay CV values were 3. 
Pituitary magnetic resonance and visual perimetry
MRI examination was performed on 1.5T scanners, using a T1-weighted gradient-recalled echo (repetition time 200-300 ms; echo-time 10-12 ms; flip angle 908) in sagittal and coronal planes. In each measurement, 7-10 slides were obtained with a slice thickness of 2-3 mm. The scans were repeated before and after 
Discussion
The present study first demonstrates the effectiveness of ATG in inducing the normalization of GH and IGF1 levels together with the complete disappearance of an invasive GH-secreting pituitary macroadenoma, maintaining disease remission without evidence of recurrence 24 months after ATG discontinuation in an acromegalic patient. The long-acting SA lanreotide has been found to be effective in improving symptoms of acromegaly in a high percentage of patients, normalizing GH levels in 63% and IGF1 levels in 65% of patients, and inducing tumor shrinkage in 50% of patient receiving lanreotide as primary treatment (11, 12 ). An open label study on 104 patients has demonstrated that pre-surgical treatment with lanreotide induced a significant decrease in GH and IGF1 levels, particularly in previously untreated and newly diagnosed acromegalic patients (13) . Moreover, despite the short duration of pre-surgical treatment, lanreotide induced normalization of IGF1 levels in 25% of patients and reduced tumor mass in up to 60% of them (13, 14) , with a tumor shrinkage greater than 20% in 29% of patients. These data on lanreotide are in line with the demonstration that first-line SA therapy is able to improve clinical conditions and surgical outcome (15, 16) , induce a better biochemical disease control, and reduce the duration of hospitalization after surgery and the prevalence of secondary hypopituitarism (32) . As shown in Table 2 , previous studies have shown that octreotide long-acting release (LAR) and lanreotide, both as slow-release (SR) and ATG formulations, are very effective in inducing hormone control and tumor shrinkage in acromegalic patients, reporting a reduction in tumor mass rate of 31.1-82% (7, 8, (17) (18) (19) (20) (21) (22) (23) (24) (25) . Particularly, in the review by Bevan et al. (8) , tumor shrinkage was found in 51% of patients receiving SA as first-line treatment and in 27% of patients treated after unsuccessful surgery and/or radiotherapy. Similarly, Melmed (22) reported that a significant tumor shrinkage is more frequently induced by primary than adjunctive medical therapy with SA. Recently, no relevant difference has been reported between octreotide-LAR and lanreotide-SR in terms of clinical and biochemical improvement, as well as tumor mass shrinkage (7, 20) . Furthermore, we have also demonstrated (21) that ATG, when administered as first-line therapy in newly diagnosed acromegalic patients, induced biochemical control of the disease in up to 50% of patients and a tumor shrinkage greater than 25% in up to 60% of patients treated for 6 months and in up to 75% after 12 months. Moreover, we found (33) that a significant tumor shrinkage can be obtained not only in fully responsive patients but also in resistant patients after an adequate dose adjustment to cause the maximal suppression of GH and IGF1. Only few studies (21, 26, 34) have investigated the effects of ATG on tumor mass in patients with acromegaly, reporting a mean tumor volume shrinkage of 32.8-44% of patients. The present paper first describes a case of an acromegalic patient in whom the efficacy of ATG in inducing GH and IGF1 excess control was associated with the complete disappearance of the invasive pituitary macroadenoma. Only three previous clinical cases in the literature ( (28) (29) (30) , Table 3 ) reported the complete biochemical and/or radiological remission of acromegaly after long-term treatment with SA, but some differences between these cases and the present one can be found. In the case reported by Resmini et al. (28) , the complete disappearance of the pituitary tumor in a newly diagnosed acromegalic patient has been induced by 18-month therapy with octreotide-LAR; in this case report, the disappearance of tumor mass was not associated with the biochemical control of acromegaly, demonstrating the dissociation between the antiproliferative and anti-secretive effect of octreotide-LAR. In the paper by Livadas (29) , tumor disappearance has been obtained after long-term first-line therapy with lanreotide-SR, administered at the dosage of 30 mg every 2 weeks; after the achievement of disease remission, medical treatment was withdrawn. Avramidis (30) has documented the complete biochemical remission of acromegaly induced by therapy with octreotide-LAR in a patient with a stable residual of a pituitary macroadenoma previously treated with firstline neurosurgery, followed by the recurrence of the adenoma 6 months after therapy discontinuation (30) . Thus, the present paper is the first demonstrating the complete clinical and biochemical remission simultaneously with the complete disappearance of an invasive GH-secreting pituitary macroadenoma after treatment with ATG. Moreover, the recurrence-free time is different: 6 months in the report by Lividas, 6 years in the one by Avramidis, and 24 months in the present study. In the paper by Ronchi et al. (10) , 27 acromegalic patients (12 primarily treated and 15 post-surgical patients) received long-acting SA treatment for at least 12 months, with a median therapy duration of 48 months. Among patients, eleven had octreotide-LAR at the dosage of 10 mg (four patients), 20 mg (five patients), and 30 mg (two patients) every 28 days; nine had 60 mg lanreotide-SR every 28 days and seven had 120 mg ATG every 28 (one patient), 42 (three patients), and 56 (three patients) days. After the achievement of biochemical control by SA, all patients underwent a short-term therapy withdrawal (3-4 months), which was then prolonged up to 12 months in the case of persistent disease remission. During the study, 15 patients showed a rapid disease re-activation after short-term discontinuation, whereas 12 patients maintained biochemical control for longer than 3 months and nine patients for longer than 6 months. At the end of the study, only five (one primarily treated and four post-surgical) out of 27 recruited patients exceeded the follow-up by over 12 months.
The mechanisms responsible for the long-term biochemical and radiological remission observed in our patient are still unclear. SA are known to inhibit angiogenesis in tumors, both by a direct action on endothelial cells and indirect action on angiogenic growth factors release (27) . Moreover, SA have shown also an anti-proliferative effect because of their cytostatic and cytotoxic actions (35) . Also the distribution of somatostatin receptors determines hormone and tumor volume response to SA therapy, with the best response in those patients with high density and homogeneously distributed receptors on the pituitary tumor (36). In a recent study (37), Taboada et al. evaluated somatostatin receptor subtype (sstr) expression profile by quantitative real-time RT-PCR, reporting a positive correlation between sstr2 levels and the percentage decrease in GH and IGF1 after treatment with SA, with a higher sstr2/sstr5 ratio among patients well controlled by medical therapy. Similarly, Pawlikowski et al. (38) reported that the GH-inhibiting effect of SA octreotide depends on the intensity of expression of both sstr2a and sstr2b isoforms. However, since no surgery was performed in our patient, no molecular study of the tumor was possible.
In conclusion, this case report firstly demonstrated the complete biochemical and radiological remission of acromegaly, without disease recurrence over 24 months, after primary therapy with ATG, suggesting that lanreotide ATG might be very effective in the treatment of acromegaly: its chronic administration can normalize GH and IGF1 levels and above all significantly shrinks tumor mass until its disappearance. Furthermore, this case firstly documented that biochemical and radiological remission induced by lanreotide ATG can be maintained during a long-term follow-up, at least in some 'very sensitive' patients. Since a long-term follow-up is mandatory to confirm the persistence of remission after treatment withdrawal, this case suggests the possibility that lanreotide ATG might also be considered a definitive treatment in selective patients with acromegaly.
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